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Abstract We show that from an appropriate manipu-
lation of the biconfluent Heun differential equation can
obtain the correct expression for the energy eigenval-
ues for the Klein-Gordon equation without potential in
the background of Som-Raychaudhuri space-time with
a cosmic string as a case particular (kL = 0) of [Vito´ria
et al. Eur. Phys. J. C (2018) 78:44], in opposition what
was stated in a recent paper published in this journal
[F. Ahmed, Eur. Phys. J. C (2019) 79:682].
In a recent paper in this Journal, F. Ahmed [1] has
pointed out an incorrect expression in [2]. The author
has solved the Klein-Gordon equation without inter-
action in the Som-Raychaudhuri space-time with the
cosmic string using the Nikiforov-Uvarov method and
obtained the energy eigenvalues and the corresponding
eigenfunctions of the system. The problem solved in [1]
is a special case associates to kL = 0 in Ref. [2]. F.
Ahmed has claimed that to obtain the correct result,
one should start from Eq. (4) but not from the condi-
tion (12), which is obtained from the biconfluent Heun
equation (10). The purpose of this comment is to show
that following an appropriate manipulation of the bi-
confluent Heun equation, the correct energy eigenvalues
for kL = 0 can be obtained as a particular case of [2],
as opposed to what was advertised in Ref. [1].
The Klein-Gordon equation in the Som-Raychaudhuri
space-time with a linear scalar potential is given by
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Considering the solution in the form
Ψ(t, r, φ, z) = ei(−Et+lφ+kz)ψ(r) , (2)
and by introducing the new variable and parameters
x =
√
ωr , (3)
ω =
√
Ω2E2 + k2L , (4)
λ = E2 −M2 − k2 − 2ΩEl
α
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one finds that equation (1) becomes
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The solution for (8) can be expressed as
ψ(x) = x
|l|
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x
2
2 e−
θ
2
xH(x) , (9)
where H(x) can be expressed as a solution of the bi-
confluent Heun differential equation [3–6]
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The differential equation (10) has a regular singularity
at x = 0 and an irregular singularity at x = ∞. The
regular solution at the origin is given by
H(2|l|/α, θ, τ, 0;x) =
∞∑
j=0
1
Γ (1 + j)
Aj
j!
xj , (13)
where Γ (z) is the gamma function, A0 = 1, A1 = σ
and the remaining coefficients for θ 6= 0 satisfy the re-
currence relation,
Aj+2 =
θ
2
(
2j + 3 +
2|l|
α
)
Aj+1
− (j + 1)
(
j +
2|l|
α
+ 1
)
(∆− 2j)Aj ,
(14)
where ∆ = τ − 2|l|α − 2. From the recurrence (14), the
solution H becomes a polynomial of degree n if and
only if ∆ = 2n (n = 0, 1, . . .) and An+1 = 0.
On the other hand, if θ = 0, the solution H becomes
a polynomial of degree n if and only if
∆ = 4n (n = 0, 1, . . .) . (15)
In fact, when ∆ = 4n, one has [4]
H(2|l|/α, 0, 2|l|/α+2(1+2n), 0;x)∝ L(|l|/α)n (x2) , (16)
where L
(δ)
n (x) denotes the generalized Laguerre polyno-
mial, a polynomial of degree n with n distinct positive
zeros in the range [0,∞). This last result is very im-
portant to obtain the correct energy eigenvalues for the
particular case kL = 0 (θ = 0).
The especial case kL = 0 (θ = 0) was studied in
[1]. The author of [1] concluded that the correct ex-
pression of energy cannot be obtained as a particular
case from the biconfluent Heun differential equation,
but this statement is false. Considering kL = 0 (θ = 0)
and using the correct condition (15), we obtain
β − 2|l|
α
− 2 = 4n . (17)
Substituting (4), (5) and (7) into (17), we obtain the
spectrum for kL = 0 as (for EΩ > 0)
E =
(
2n+ 1 +
|l|
α
+
l
α
)
Ω
+
√(
2n+ 1 +
|l|
α
+
l
α
)2
Ω2 +M2 + k2 ,
(18)
and the solution becomes
ψ(x) = Nnx
|l|
α e−
x
2
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2) , (19)
where Nn is a normalization constant. The expression
(18) is the same to the result obtained in Ref. [7].
In summary, we showed that the correct expression
for the energy eigenvalues for the case kL = 0 of Ref.
[2] can be obtained from an appropriate manipulation
of the biconfluent Heun differential equation, in oppo-
sition what was concluded in [1]. The results obtained
in this comment are consistent with those found in [7].
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